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vitro, the implication of this ﬁnding in the regulation of nitrogen metabolism is discussed. We also report an
improved expression and puriﬁcation protocol for the A. brasilense AmtB protein that might be applicable to
AmtB proteins from other organisms.+55 41 33622042.
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Genes encoding ammonium transporter proteins were ﬁrst
described in Saccharomyces cerevisiae and in Arabidopsis thaliana
[1,2]. Since then, amt genes have been found in nearly all organisms
investigated, including animals where their products are represented
by the Rhesus (Rh) proteins [3,4]. The wide distribution of Amt/Rh
proteins in nature emphasizes the importance of ammonium
movement across biological membranes. While ammonium is the
preferential nitrogen source for several microorganisms, the same
molecule is highly toxic for vertebrates. Both processes, ammonium
uptake and ammonium secretion, depend on proteins of the Amt/Rh
family [5].
Ammonium transport proteins from all domains of life have been
puriﬁed and studied at the structural level. The bacterial Escherichia
coli AmtB [6,7], the archaeal Archaeoglobus fulgidus Amt-1 [8], and the
Rh sub-family members from both bacteria (Nitrosomonas europaea
Rh50) and human (RhCG) have all had their crystal structures solved
[9–11]. All these proteins are homotrimers carrying a single
transmembrane pore in each subunit that act as passive channels
for the conduction of ammonia across the membrane [5]. In bacteriaand archaea, Amt protein activity is controlled by complex formation
with a family of cytosolic signaling proteins from the PII family [12,13].
PII proteins are wide-spread trimeric regulatory proteins found in
nearly all prokaryotes. They sense the intracellular levels of nitrogen
and regulate the activity of other proteins through protein–protein
interactions. In all cases studied at the structural level, the site of PII
interaction with its target involved a ﬂexible loop region on each PII
monomer, called the T-loop. The ability of PII proteins to act as a
nitrogen sensor relies on two mechanisms, allosteric regulation and
post-translational modiﬁcations, both of which affect the PII T-loop
conformation [14,15].
Allosteric regulation occurs in all PII proteins studied to date. These
proteins can bind competitively up to three ATP or ADP molecules in
the lateral clefts between each subunit [16]; they also bind up to three
2-oxoglutarate molecules in the vicinity of the nucleotide binding site
[17,18]. Fluctuations in the intracellular availability of thesemolecules
affect the ligand-bound status and thus the three dimensional PII
structure [18]. Post-translational modiﬁcation of PII proteins is
diverse, ranging from uridylylation in proteobacteria, adenylylation
in actinomycetes and phosphorylation in cyanobacteria [14]. In
proteobacteria, PII uridylylation depends on the intracellular glutamine
levels, which regulate the activity of the PII uridylyl transferase/uridylyl-
removing enzyme, GlnD. Under low nitrogen levels, intracellular
glutamine is low and PII is uridylylated at a conserved Y51 residue in
the T-loop. Conversely, high nitrogen levels lead to glutamine
accumulation and PII is de-uridylylated by GlnD [19,20]. The post-
Table 1
Strains and plasmids.
Strain/plasmid Genotype/phenotype Reference
Strains
E. coli GT1000 ΔglnKamtB [12]
Plasmids
pMODULES3 Cmr expresses E. coli GlnK and AmtB from the
E. coli glnK promoter.
[28]
pAD2 Cmr expresses E. coli GlnK and HisAmtB from
the E. coli glnK promoter.
[28]
pLHDK7HisAmtB Cmr expresses A. brasilense HisAmtB from the
ptac promoter.
[27]
pMSA4 Kmr expresses A. brasilense GlnZ from the T7
promoter.
[41]
pLHModuleAmtBC2 Cmr expresses E. coli GlnK and A. brasilense
HisAmtB from the E. coli glnK promoter.
This work
pLHHisAmtBGlnZ1 Cmr expresses A. brasilense GlnZ and HisAmtB
from the E. coli glnK promoter.
This work
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state which is transmitted to other cellular protein targets via protein–
protein interactions.
In addition to their role in transport, Amt proteins have been
implicated in ammonium sensing [21–25]. In bacteria, ammonium
sensing by Amt relies on complex formationwith PII and recruitment of
other PII protein targets to themembrane [26,27]. It was shown in E. coli
and Azospirillum brasilense that puriﬁed unmodiﬁed PII interacts with
Amt in vitro. In both cases Amt–PII complex formation responded to the 1           2 3A 
B 
 M  1  2                    M        
Fig. 1. Expression and puriﬁcation of His-AmtB. (A) E. coli GT1000 cells (Lane 1), carryi
AbHisAmtB (Lane 3), or pLHHisAmtBGlnZ1 AbHisAmtB+AbGlnZ (Lane 4), were grown in M
was subjected to SDS-PAGE followed by Western-blotting using an anti-His antibody. The a
whole cell extract of E. coliGT1000 carrying pLHDK7HisAmtB solubilized in 1% LDAOwas app
fractions were subjected to SDS-PAGE stained with Coomassie blue. M indicates the molec
proteins. Lane 1—whole cell extract, Lane 2—Ni2+ column follow-through, Lane 3—HisAmt
increased imidazole concentrations from left to right.ATP, ADPand2-oxoglurate levels being stabilized in thepresence of ADP
[27,28]. While these studies showed that the allosteric PII response
regulates Amt–PII complex formation they did not address whether the
post-translational modiﬁcation of PII also affects this interaction.
Structural analysis of theE. coliAmtB–GlnKcomplex showed that the
T-loop of GlnK acts as a plug blocking the AmtB conduction pore [29]. It
was postulated that uridylylated GlnK T-loops would be structurally
prevented of binding AmtB, though interaction between partially
uridylylated PII and AmtB is structurally feasible. Here we show that
partially uridylylated PII trimers interact with AmtB in vitro. The
physiological consequences of this ﬁnding are discussed.We also report
an improved method for expression and puriﬁcation of the A. brasilense
AmtB protein.
2. Materials and methods
2.1. Strains and plasmids
E. coli strains were routinely grown in LB medium at 37 °C. For
nitrogen limited growth M9 medium was used in which ammonium
was replaced by 200 μg/ml glutamine (Table 1).
To construct the pLHModuleAmtBC2 plasmid, the A. brasilense
his-amtB gene was PCR ampliﬁed using the following primers: AmtB
F-NdeI 5′ GAGCCCATATGAGCCGTCTCTTCACC 3′, and AmtB R-BamHI
5′ AGCAAGGATCCTTAGTGGATGGTC 3′ (restriction sites underlined)
using the pLHDK7HisAmtB plasmid as a template. pMODULES3 was
digestedwithNdeI and BamHI and ligated to the PCR product digested4
AmtB monomer 
AmtB dimer 
AmtB trimer 
AmtB higher oligomer 
AmtB monomer 
AmtB dimer 
AmtB trimer 
               3 
ng the plasmids pLHModuleAmtBC2 AbHisAmtB+EcGlnK (Lane 2), pLHDK7HisAmtB
9-glutamine. Cells were harvested, lysed by sonication and 5 μg of the whole cell extract
rrows indicate monomer, dimer, trimer and higher oligomer forms of HisAmtB. (B) The
lied into a Ni2+ column. Proteins were elutedwith an imidazole gradient. Aliquots of the
ular mass marker in kDa (116, 66, 45, 35, 25, and 18). Arrows indicate the identiﬁed
B elution using imidazole 300 mM. Other lanes represent the fractions collected with
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Fig. 2. In vitro formation of AmtB–GlnB and AmtB–GlnZ complexes. The formations of
the complexes were carried out by co-precipitation using Ni2+ beads. Reactions were
performed in buffer containing Tris-HCl pH 8, 0.1 M NaCl, 0.05% (w/v) LDAO, 10%
glycerol, 20 mM imidazole, 1 mM MgCl2 and 1 mM ADP. Binding reactions were
conducted in 500 μl of buffer adding 3 μg of His-AmtB to all reactions and 5 μg of GlnZ
(Lane 1), GlnZ(UMP)3 (Lane 2), GlnB (Lane 3) or GlnB(UMP)3 (Lane 4). The elution was
subjected to SDS-PAGE and the gel was Coomassie blue stained. The arrows indicate the
identiﬁed proteins. MW indicates the molecular mass marker in kDa.
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A. brasilense glnZ gene was PCR ampliﬁed using the following primers:
GlnZ f-amt NsiI 5′ GGAAGATGCATGAAACTGGTTATGGC 3′, and GlnZ R-amt
SpeI 5′TCCTCCACTAGTCCTCAGAGAGCTTCGG3′ (restriction sitesunder-
lined) using the pMSA4 plasmid as a template. pLHModuleAmtBC2 was
digestedwith SpeI andNsiI and ligated to the PCR product digestedwith
the sameenzymes. Platinum PfxDNApolymerase (Invitrogen)wasused
in all PCR reactions. The integrity of theDNAwas checkedby sequencing
the entire glnZ and amtB genes.0
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Fig. 3. In vitro complex formation between AmtB and partially uridylylated forms of2.2. Protein analysis
Denaturing electrophoresis of proteins was carried out by SDS-PAGE.
Native-PAGEwasperformedat 4 °Comitting SDS andβ-mercaptoethanol
from all solutions. Gels were Coomassie blue stained. Gel bands were
quantiﬁed using the Lab Works (UVP) software. Protein concentrations
were determined by the Bradford assay using bovine serum albumin as a
standard.Western-blotswere carried out as described [23], using anti-His
antibody (GE Healthcare).GlnZ. (A) Puriﬁed GlnZ and GlnZ(UMP)3 were combined in different ratios (1:0, 0:1,
1:1, 3:1 and 1:3; Lanes 1 to 5) to a ﬁnal PII concentration of 0.5 μg/μl in Tris-HCl 50 mM
pH 8, KCl 100 mM and glycerol 20%. The mixtures were subjected to a denaturing/re-
naturing process to allow the formation of GlnZ trimers containing different levels of
uridylylated monomers. The level of GlnZ uridylylation was assessed by Native-PAGE
which allows the separation of GlnZ, GlnZ(UMP)1, GlnZ(UMP)2 and GlnZ(UMP)3
trimers with the latter showing the highest mobility. The four GlnZ species were
quantiﬁed by densitometry. The table below the gel image represents the % of each
species in relation to the total signal in each lane. (B) 5 μg of each of the GlnZ
preparations described in A were challenged to interact with 3 μg of HisAmtB by pull-
down in the presence of 1 mM ADP. Lanes 1 to 5 in B are the same GlnZ preparations as
in Lanes 1 to 5 in A. (C) The signals of GlnZ co-precipitated with HisAmtB were
quantiﬁed by densitometry. The values are reported as a % of the GlnZ signal in panel B,
Lane 1. The results reported are the average of two independent experiments; error
bars indicate the standard deviation.2.3. Mass spectrometry analysis
Bandswere excised from Coomassie-stained gels and destained for
1 hour in acetonitrile 50% (v/v), 20 mM ammonium bicarbonate. The
gel piece was immersed in acetonitrile for 5 minutes, acetonitrile was
removed and the gel dried under air. In-gel digestion was performed
using 0.01 mg of sequencing-grade trypsin in acetonitrile 10% (v/v),
20 mM ammonium bicarbonate. After overnight incubation at 37 °C,
the peptides were concentrated using a C18 resin-tip (Eppendorf).
Aliquots of each digested sample were mixed with a saturated matrix
solution of α-cyano-4-hydroxycinnamic acid (in acetonitrile 50% v/v,
TFA 0.1% v/v), spotted onto the MALDI target and allowed to dry. Mass
spectra were acquired using a MALDI-TOF/TOF Autoﬂex II (Bruker
Daltonics). MS analyses were performed in a negative ion reﬂection
mode using an accelerating voltage of 20 kV. Monoisotopic peak lists
were generated using FlexAnalysis 3.0 (Bruker Daltonics).2.4. Protein puriﬁcation
E. coli GT1000 carrying pLHDK7HisAmtB was grown overnight in
16 ml LB containing chloramphenicol at 30 μg/ml. This culture was
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 3 
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30 μg/ml. Cells were kept at 37 °C with shaking at 180 rpm and 0.3 mM
IPTG was added after 2 hours. Cells were collected after 16 hours by
centrifugation, the pellet was resuspended in 20 ml of buffer 1 (50 mM
Tris-HCl pH8, 0.1 MNaCl, 10% glycerol, and 1% (w/v) LDAO (n-dodecyl-N,
N-dimethylamine-N-oxide)) and the cellswere lysed by sonication on ice.
The extract was clariﬁed by centrifugation at 30,000g for 20 minutes at
4 °C. The supernatant was applied to a 1 ml Hi-Trap chelating column
prepared by saturating with 100 mMNiCl2. The columnwas equilibrated
with 5 ml buffer 1before sample loading. TheHisAmtBproteinwas eluted
usinga stepwisegradientofbuffer1 containing10, 50, 300and500 mMof
imidazole. Fractions containing HisAmtB were pooled and dialyzed in
50 mMTris-HCl pH 8, 0.1 MNaCl, 50% glycerol, and 0.05% LDAO. HisAmtB
was stored in aliquots at−80 °C until use. E. coli His-AmtB was puriﬁed
using the same procedure except that induction was achieved using the
pAD2 plasmid and IPTG was omitted.
Fully uridylylated GlnZ and GlnB preparations used were the same
as described previously [30]. Partially uridylylated GlnZ trimers were
obtained by mixing different ratios of the non-modiﬁed and fully
uridylylated trimers in 50 mM Tris-HCl pH 8, 0.1 M KCl, 20% glycerol.
Samples were subjected to a denaturation/re-naturation procedure by
heating at 95 °C for 2 minutes and cooling on ice as described [31].
2.5. Pull-down assays
In vitro complex formation was performed using MagneHis-Ni2+
beads (Promega Co, Madison,WI). Reactions were conducted in buffer
containing 50 mM Tris-HCl pH 8, 0.1 M NaCl, 0.05% (w/v) LDAO, 10%
glycerol, 20 mM imidazole and 1 mM MgCl2 in the presence or
absence of effectors (2-OG, ATP, ADP) as indicated in each experi-
ment. Ten microliters of beads were equilibrated by two washes with
100 μl of buffer. Binding reactions were performed in a volume of
500 μl adding 3 μg of His-AmtB and 5 μg of PII. After 5 minutes at room
temperature, the beads were washed 3 times with 250 μl of buffer.
Elution was performed by incubating the beads with 20 μl of buffer
containing 0.5 M imidazole for 5 minutes. Eluted samples were
analyzed in 12.5% SDS-PAGE stained with Coomassie blue.
3. Results
3.1. Optimization of A. brasilense AmtB expression and puriﬁcation
The E. coliAmtBwas the ﬁrst Amt protein to be puriﬁed [32]. Blakey et
al. reported the expression of a plasmid-borne His-tagged AmtB fusion
from the T7 promoter upon IPTG induction using E. coli C43 as host.
Induction was performed in M9-glutamine medium, conditions where
chromosomal amtB is highly expressed. M9-glutamine was chosen
because this media resulted in more reproducible expression than rich
media (Dr. Mike Merrick, personal communication).
In our previous work, the recombinant A. brasilense 6xHis tagged
AmtB (His-AmtB) was expressed in E. coli C43 from the T7 promoter
upon IPTG induction in LB medium supplemented with NH4Cl [27].
The reason for including NH4Cl was to avoid expression of the host
chromosomal E. coli amtB gene which could potentially lead to the
formation of E. coli/A. brasilense AmtB heterotrimers. Heterotrimer-
ization is described as a feature of other Amt/Rh proteins [9,33]. Using
this expression protocol, protein yield was very low (below 100 μg of
protein per liter of culture) and varied day to day. We speculate that
the inconsistency in the expression of both A. brasilense and E. coli
AmtB in LB is caused by the described pleiotropic effects resulting fromFig. 4.Mass spectrometry analysis of GlnZ co-precipitated with HisAmtB. The GlnZ bands in F
Raw data was processed in FlexAnalysis 3.0 to detect monoisotopic masses. (A) Zoomed ma
non-uridylylated GlnZ peptide (48-GAEYSVSFLPK-58) and (B) the peak ofm/z 1501 correspo
Numbers 1, 3, 4 and 5 indicate that the spectra correspond to the GlnZ band in the same lane
(not shown).the titration of the E. colihost PII by the artiﬁcial expression of amtB in rich
media [34]. Indeed, we detected interaction between E. coli AmtB and A.
brasilense PII proteins in vitro (Supplementary Fig. S1), suggesting that the
reverse interaction (A. brasilense AmtBwith E. coli PII) is likely to occur in
vivo.
In order to express the A. brasilense AmtB in M9-glutamine and
avoid potential heterotrimerization, the E. coli ΔglnKamtB GT1000
strain was used as a host. As T7 promoter driven expression cannot be
achieved in this strain, A. brasilense AmtB expression was performed
using either the E. coli natural glnK promoter in the pMODULES3
plasmid or the ptac promoter in the pDK7 plasmid. The glnK promoter
has been used to successfully over-express the E. coli AmtB protein;
furthermore it allows AmtB expression only when cells are deprived
of nitrogen avoiding the potential pleiotropic effects of AmtB
expression.
The expression of A. brasilense His-AmtB in E. coli GT1000 grown in
M9-glutamine was assayed using an anti-His Western-blot. The results
indicate that His-AmtB accumulated to higher levels when expressed
from the ptac promoter in comparison to the E. coli glnKamtB promoter
(Fig. 1). Note that AmtB shows unusual SDS-PAGEmigration behavior in
that AmtB bands frommonomers to higher oligomers were observed as
described for E. coli AmtB (Fig. 1). The A. brasilense His-AmtB protein
expressed from the ptac promoter in E. coli GT1000 grown in IPTG M9-
glutamine was puriﬁed to homogeneity in a single Ni2+ column step
from detergent solubilized total extracts (Fig. 2). Protein yield increased
up to 900 μg of protein per liter of culture and was reproducible in
different puriﬁcation preparations. The membrane fractionation step
commonly used in AmtB puriﬁcation was removed. This simpliﬁed the
protocolwithout compromising protein homogeneity or protein activity,
as assessedbySDS-PAGEanalysis and theability of thepuriﬁedprotein to
interact with GlnZ respectively.
3.2. Effects of nucleotides in complex formation between AmtB and
unmodiﬁed GlnZ in vitro
Whenwewere re-examining the effects of adenosinenucleotides on
A. brasilense AmtB–GlnZ complex formation we observed complex
formation only in thepresence ofADPbut notwithATP (Supplementary
Fig. S2) in contrast with our previous results [27]. This result was
reproduced using different AmtB and GlnZ preparations. In a recent
studywith the E. coliAmtB/GlnK pair it was also observed that only ADP
promoted AmtB–GlnK interaction [35]. However, the same group
reported previously that ATP was sufﬁcient to promote complex
formation [28], and these authors consider that their previous results
were due to hydrolysis of ATP to ADP caused by an ATPase contaminant
[35]. We believe the same explanation holds for our previous
observations.
3.3. Partially uridylylated GlnZ interacts with AmtB in vitro but fully
uridylylated does not
Although previous in vivo data from different organisms suggested
that uridylylated PII cannot interactwithAmtB this hypothesis has never
been tested experimentally. Complex formation between A. brasilense
AmtBwith fully andpartially uridylylatedGlnB andGlnZwasassessed in
vitro by pull-down assays using the puriﬁed proteins.
In the ﬁrst set of experiments, the ability of both fully uridylylated
and non-modiﬁed GlnB and GlnZ to interact with His-AmtB was
assessed in the presence of ADP. The results in Fig. 2 conﬁrmed that
non-modiﬁed PII co-precipitated with His-AmtB using Ni2+ beads.ig. 3Bwere excised, digested with trypsin and analyzed byMALDI-TOF in negativemode.
ss spectrum showing the peak of m/z 1195 corresponding to the mass minus H+ of the
nding to themassminus H+ of the uridylylated GlnZ peptide (48-GAEYUMPSVSFLPK-58).
number in Fig. 3B. The sample from lane number 2 did not generate mass spectra signal
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lated GlnB or GlnZ, there was no PII co-precipitation with His-AmtB
(Fig. 2, lanes 2 and 4) indicating that complex formation does occur at
detectable levels under these conditions.
As the AmtB–unmodiﬁed PII complex responded to the presence of
ATP, ADP and 2-oxoglutarate in vitro we evaluated complex formation
betweenHis-AmtBand fully uridylylatedGlnBorGlnZ in thepresence of
1 mMofATPorADPand in combinationwithdifferent concentrationsof
2-oxoglutarate (ranging from 0 up to 2 mM). We did not observe
complex formation in any of the conditions tested (data not shown)
supporting the observation that A. brasilense AmtB cannot engage in
complex formation with fully uridylylated PII.
The ability of a range of partially uridylylated GlnZ trimers to form
a complex with AmtB in the presence of ADP was also evaluated.
Partially uridylylated GlnB was not tested as this form of GlnB could
not be obtained in vitro by the method used [31]. The results indicated
that partially uridylylated GlnZ interacted with His-AmtB and that
complex formation was inversely proportional to the amount of GlnZ
uridylylation (Fig. 3). Interaction was observed even for GlnZ
preparations where unmodiﬁed GlnZ trimers could not be detected
in Native-PAGE (Fig. 3A and B, lane 5). To check that the interactions
observed with partially uridylylated GlnZ were not due to a
concentration effect of unmodiﬁed GlnZ present in the various
preparations, mass spectrometry analysis was performed. The GlnZ
bands that co-precipitated with His-AmtB (Fig. 3B) were excised from
the gel, digested with trypsin and subjected to MALDI-TOF analysis.
An inspection of the negative mode mass spectra indicated the
presence of an ion of m/z 1501 (Fig. 4B), which matches the mass of
the predicted uridylylated GlnZ peptide (48-GAEYUMPSVSFLPK-58).
This ion was present in all samples except the one where non-
modiﬁed GlnZ was used (Fig. 4B). As expected, the abundance of
the uridylylated peptide (m/z 1501) was inversely proportional to
the abundance of the unmodiﬁed peptide (m/z 1195) in all samples
(Fig. 4A and B). We conclude that partially uridylylated GlnZ trimers
can interactwith AmtB although the interaction seems less stable than
that with unmodiﬁed GlnZ since the amount of GlnZ co-precipitated
was inversely proportional to its uridylylation level (Fig. 3).
4. Discussion
Despite the importance of AmtB proteins in nitrogen regulation in
bacteria, only two bacterial AmtB proteins have been puriﬁed to date,
the E. coli and A. brasilense AmtB [27,28]. Here we show that the
expression of a bacterial AmtB might be problematic in an E. coli host
grown in rich media possibly by titration of the host's PII proteins.
Interestingly, two archaeal Amt proteins have been successfully
expressed in an E. coli host grown in rich media [8,13]. It is possible
that the lower similarities between the archaeal and E. coliAmt–PII pairs
would not allow their reciprocal interaction as observed for the E. coli
and A. brasilense Amt–PII pairs (Supplementary Fig. S1). Thus, the
protocol described here for expression of the A. brasilense AmtB protein
may be useful to express other bacterial AmtB proteins in E. coli.
Here we show, for the ﬁrst time, that partially uridylylated PII can
interact in vitro with AmtB in the presence of ADP (Fig. 3). This
observation can be potentially extended to AmtB–PII pairs from
other proteobacteria. Indeed, partially uridylylated GlnB was
detected in the membrane fraction of a Rhodobacter capsulatus
glnK mutant [36]. Furthermore, mixtures of unmodiﬁed and
uridylylated PII monomers were observed in a membrane proteome
of Herbaspirillum seropedicae [37].
What would be the physiological signiﬁcance of the interaction
between partially uridylylated PII and AmtB? The studies reporting in
vivo interaction between AmtB and PII use an ammonium shock of at
least 200 μM [23,38]. Such ammonium concentrations result in
complete PII de-uridylylation and a very signiﬁcant drop in the
intracellular 2-OG resulting in a PII conformation that binds avidly toAmtB [35]. As a result, the ammonia channel pore of AmtB is
completely blocked.
The ﬂuctuations in the external ammonium availability experi-
enced by most bacteria in the natural environment are expected to
occur slowly and, sometimes, to be lower than NH4Cl 200 μM, thus
allowing accumulation of partially uridylylated PII. Such forms of PII
trimers can bind to AmtB but, presumably, only the non-uridylylated
PII monomers would be competent to block the respective AmtB
monomer allowing partial AmtB activity. The combination of changes
in both PII uridylylation and in PII effector pools would allow a graded
response in the AmtB–PII interaction which would, in turn, ﬁne tune
AmtB activity. Such ﬁne regulation could be important to save cellular
energy if AmtB proteins act as NH3/H+ symporter as suggested
recently [39].
Another reported consequence of the interaction between
AmtB–PII is the sequestration of other PII protein targets to the
membrane. In A. brasilense, the AmtB–GlnZ complex can further
recruit the nitrogenase regulatory enzyme DraG to the membrane.
The formation of an AmtB–GlnZ–DraG ternary complex results in
DraG inactivation [27]. In vitro and in vivo studies showed that DraG
interacts with both uridylylated and non-uridylylated GlnZ [30,40].
Thus, an AmtB–GlnZ–DraG ternary complex containing partially
uridylylated GlnZ could be formed resulting in DraG inactivation in
response to a very small elevation in the external ammonium levels.
Supplementarymaterials related to this article can be found online
at doi:10.1016/j.bbapap.2011.05.012.
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